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(57) Abstract: This invention relates to a steerable drill bit arrangement, in particular for the use in drilling boreholes for oil and gas 
extraction. There is provided a steerable drill bit arrangement in which the drill bit (20) is connected to a drill string (16) including a 
steering component (12) and a stabiliser (14), the stabiliser (14) being located between the steering component (12) and the drill bit 
(20), the steering component (12) being adapted to move the drill string (16) transversely relative to a borehole in which it is located 
the stabiliser (14) having an inner part (32) adapted to rotate with the drill string (16)and an outer part (34) adapted to engage the 
borehole wall, the outer part (34) being rotatable relative to the inner part so that the outerpart (34) can remain substantially stationary 
as the remainder of the stabiliser (14) rotates with the drill string (16). 
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STEERABLE DRILL BIT ARRANGEMENT 
FIELD OF THE INVENTION 

5 This invention relates to a steerable drill bit arrangement, 
in particular for the use in drilling boreholes for oil and 
gas extraction. 



10 DESCRIPTION OF THE PRIOR ART 

To extract oil and gas from underground reserves, it is 
necessary to drill a borehole into the reserve. 
Traditionally, the drilling rig would be located above the 

15 reserve (or the location of a suspected reserve) and the 
borehole drilled vertically (or substantially vertically) 
into the reserve. The reference to substantially vertically 
covers the typical situation in which the drill bit deviates 
from a linear path because of disconformities in the earth 

20 or rock through which the borehole is being drilled. 

Later, steerable drilling systems were developed which 
allowed the determination of a path for the drill bit to 
follow which was non- linear, i.e. it became possible to 

25 drill to a chosen depth and then to steer the drill bit 
along a curve until the drill was travelling at a desired 
angle, and perhaps horizontally. Steerable drill bits 
therefore allowed the recovery of oil and gas from reserves 
which were located underneath areas in which a drilling rig 

30 could not be located. 

To facilitate drilling operations, a drilling fluid (called 
"mud") is pumped into the borehole. The mud is pumped from 
the drilling rig through the hollow drill string, the drill 
35 string being made up of pipe sections connecting the drill 
bit to the drilling rig. The mud exits the drill string at 
the drill bit and serves to lubricate and cool the drill 
bit, as well as flushing away the drill cuttings. The mud 
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and the entrained drill cuttings flow to the surface around 
the outside of the drill string, specifically within the 
annular region between the drill string and the borehole 
wall . 

5 

To allow the mud to return to the surface, the drill string 
is of smaller cross-sectional diameter than the borehole. 
In a 6 inch (approx. 15 cm) borehole, for example, the outer 
diameter of the bottom hole assembly will typically be 4.75 
inches (approx. 12cm), with the majority of the drill string 
comprising drill pipe sections of smaller diameter. 
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It is necessary to stabilise such a drill string, i.e. 
during drilling (when the drill string rotates) the gap 
15 between the drill string and the borehole wall allows the 
drill string to move transversely relative to the borehole, 
possibly causing directional errors in the borehole, damage 
to the drill string, and/or lack of uniformity in the cross- 
section of the borehole. To avoid this, stabilisers are 
included at spaced locations along the length of the drill 
string, the stabilisers having a diameter slightly less than 
the diameter of the borehole (e.g. a diameter of 5 31/ 32 
inches for a 6 inch borehole, or l/ 32 of an inch (approx. 
0.08 cm) less than the diameter of the borehole). The 
stabilisers substantially prevent the unwanted transverse 
movement of the drill string. To allow the passage of mud 
the stabilisers necessarily include channels, which are 
usually helical. 



Stabilisers such as those described above are available for 
example from Darron Oil Tools Limited, of Canklow Meadows, 
West Bawtry Road, Rotherham, S60 2XL, England (GB) . 

It will be understood that the effect of gravity upon the 
drill string within the borehole acts to move the drill 
string vertically downwards. The early steerable drill bits 
took advantage of this by using the effect of gravity on the 
region of the drill string close to the drill bit to "steer" 
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the drill bit (whilst the word "steer" is used, it was only 
possible to move the drill bit towards and away from the 
vertical, i.e. it was not possible to steer the drill bit 
sideways). For example, in a borehole which was drilled at 
an angle, by locating a stabiliser some distance from the 
drill bit the effect of gravity on the drill string between 
the stabiliser and the drill bit would act to move the drill 
bit towards the vertical, like a pendulum. By locating a 
stabiliser very close to the drill bit, however, the effect 
of gravity upon the drill string was much reduced, and the 
drill bit would tend to continue on its angled path. By 
locating one stabiliser very close to the bit and another 
stabiliser some distance from the bit, the effect of gravity 
upon the drill string between the stabilisers would cause 
15 the drill string to pivot about the stabiliser closest to 
the drill bit, that stabiliser acting as a fulcrum, so that 
downwards movement of the drill string between the 
stabilisers was converted into upwards movement of the drill 
bit, causing the drill bit to move away from the vertical. 
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The three stabiliser arrangements described above are 
referred to as "pendulum", "packed" and "fulcrum" 
respectively. 



25 With early drilling systems it was necessary to remove the 
drill string from the borehole in order to change the 
position of the stabilisers and vary the degree of curvature 
of the borehole; with later systems, however, it is possible 
to adjust the stabilisers during drilling operations. 



30 



Alternative technology makes use of a downhole mud motor and 
a bent housing, in which only the drill bit would rotate 
(driven by the mud motor for which the motive force is the 
flow of the drilling fluid). Such arrangements have the 
35 disadvantage that the non-rotating drill string incurs 
greater frictional resistance to movement along the 
borehole, which limits the horizontal reach of the system. 
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A further development in steerable drilling systems was the 
"push the bit" system, in which a non-rotating "steering- 
component is carried upon the drill string close to the 
drill bit. The steering component comprises a pipe through 
which the mud could flow toward the drill bit, and a sleeve 
surrounding the pipe. The sleeve carries actuators which 
are operated from the surface, and which act either upon the 
the borehole wall, or upon the pipe, to push the pipe 
transversely relative to the borehole. The drill bit would 
also be pushed transversely, and could therefore be forced 
to deviate from a linear path, in any direction, (i.e. 
upwards, downwards and sidewards). 

A "push the bit" system is described in EP-A-1 024 245. In 
15 this system, the actuators act upon the pipe within the 
sleeve to decentralise the drill string. 

A disadvantage of the "push the bit" systems, however, is 
that the drill bit is designed to work most efficiently when 

20 it is urged longitudinally against the earth or rock, and 
"push the bit" systems force the drill bit to move 
transversely, so that a transverse cutting action is 
required in addition to the longitudinal cutting action. 
The result is that the borehole wall becomes roughened 

25 and/or striated, which can affect the drilling operation by 
impairing the passage of the stabilisers, and can also 
detrimentally affect the operation of downhole measuring 
tools which are required to contact the borehole wall. 
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To overcome this disadvantage, systems known as "point the 
bit" have been developed, in which a stabiliser is added 
between the steering sleeve and the drill bit, the 
stabiliser acting as a fulcrum and reducing or eliminating 
the transverse force component acting upon the drill bit, so 
ensuring that the drill bit would always be cutting 
longitudinally. Thus, in "point the bit" systems, the axis 
of the drill bit is substantially aligned with the axis of 
the borehole. 
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The incorporation of a stabiliser has its own disadvantage, 
however, as the channels cut into the stabiliser to allow 
the passage of mud cause the stabiliser to dig into the 
borehole wall when it is subjected to a transverse 
(steering) force, i.e. the stabiliser acts to "ream" the 
borehole wall, reducing the steering moment which is applied 
to the drill bit and so reducing the degree of curvature of 
the borehole. 



SUMMARY OF THE INVENTION 



It is the object of the present invention to reduce or avoid 
the above-stated disadvantage with "point the bit" drill 
15 steering systems. 

According to the invention, therefore, there is provided a 
steerable drill bit arrangement in which the drill bit is 
connected to a drill string including a steering component 
and a stabiliser located between the steering component and 
the drill bit, the steering component having an outer 
sleeve, an inner pipe, and means to move the inner pipe 
transversely relative to the outer sleeve, characterised in 
that the stabiliser has an inner part adapted to rotate with 
the drill string and an outer part adapted to engage the 
borehole wall, the outer part being rotatable relative to 
the inner part so that the outer part can remain stationary 
as the remainder of the stabiliser rotates with the drill 
string. 



Because the outer part can remain stationary, the likelihood 
of the stabiliser cutting into the wall of the borehole when 
under transverse load is much reduced or eliminated 
Alternatively stated, by providing a stationary outer part 
35 the invention effectively prevents the stabiliser from 
"reaming" the borehole. The stabiliser provides the 
reaction to the steering moment generated at the bit and 
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this load is carried by the bearings of the stabiliser 
rather than at the stabiliser to borehole interface. 

Preferably, the stabiliser includes a clutch mechanism. The 
clutch mechanism can cause the outer part to rotate with the 
xnner part, or at least to be rotated by the inner part. 
Rotation of the outer part may be desirable to reduce the 
lxkelihood that the outer part becomes captured by a ledge 
or other discontinuity in the borehole wall. 



Desirably, the inner part and the outer part are connected 
together by bearings, the stabiliser including a reservoir 
of oil surrounding the bearings. Desirably also, the 
reservoir of oil is bordered by at least one movable piston 
15 which can act to vary the volume of the reservoir in 
response to changes in pressure and temperature within the 
oil . 



Furthermore, it is a recognised feature of drill bits that 
they produce vibrational excitation in the drill string, in 
both longitudinal and lateral directions. This vibration 
can be damaging to drilling equipment and the borehole 
surface. it is another advantage of the present invention 
that the non-rotating stabiliser can provide some control 
25 over this bit-induced vibration. 



BRIEF DESCRIPTION OF THE DRAWINGS 

30 The invention will now be described, by way of example, with 
reference to the accompanying drawings, in which: 

Fig.l shows a schematic side view of a steerable drill 

bit arrangement according to the invention; and 



35 



Fig. 2 is a sectional side view of the stabiliser of 

Fig.l. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As shown in Fig.l, the steerable drill bit arrangement 10 
comprises a steering component 12 and a stabiliser 14. The 
steering component 12 and the stabiliser 14 are located in 
the drill string 16 adjacent the drill bit 20, with the 
stabiliser 14 being located between the steering component 
12 and the drill bit 20. The steering component 12 serves 
to decentralise the drill string 16 within the borehole (not 
shown), so that the drill bit 20 is forced to deviate from a 
linear path. For example, if the steering component is used 
to force the drill string 16 downwardly in the orientation 
shown, then the drill bit 20 will be forced upwardly, the 
stabiliser 14 acting as the fulcrum. 

In known fashion, the steering component 12, the stabiliser 
14, and the pipe sections which make up the drill string 16 
are hollow so as to allow the passage of mud to the drill 
bit 20. Also, the steering component 12 and the stabiliser 
14 include channels 18 which permit the passage of mud from 
the drill bit to the surface. 



The steering component 12 can be of conventional 
construction, such as that described in EP-A-1 024 245, and 
25 will not be described further. 

The stabiliser construction is shown in more detail in 
Fig. 2. The stabiliser 14 includes an end part 22 which has 
a connector part 24 comprising a standard thread to receive 

30 an adjacent drill string component, i.e. an adjacent pipe 
sectxon or the steering component. Thus, in some 

applications it will be necessary that the steering 
component 12 is connected directly to the stabiliser 14, 
whilst in other applications one or more pipe sections will 

35 lie between the steering component 12 and the stabiliser 14. 

The stabiliser 14 includes another end part 26 which has a 
connector part 30 comprising a standard tapering thread to 
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receive the drill bit 20. Thus ir. w ^. 

u * inus ' ln this embodiment the 
stabiliser 14 is immediately adjacent the drill bit 20 
whilst in other embodiments one or more pipe sections will 
lie between the drill bit and the stabiliser 

5 

The end parts 22 and 26 are designed to rotate with the 
dr.ll strmg 16. Both end parts are secured (as by 
cooperating threaded parts) to a pipe 32, the pipe 32 and 

,n T„ en ?, PartS 22 ■ 26 bSin9 h ° ll0W S ° as to all °» «» Pa-age 
10 of drilling fluid. 

Surrounding the pipe 32 is a sleeve 34, which according to 
the invention is rotatable reiative to the pipe 32. Thus, 
the sleeve 34 is mounted upon the pipe 32 by way of two sets 
15 of taper roller bearings 36, 38. The bearings 36, 38 lie 
wxthrn an oil reservoir, and ms t be sealed from the mud 
(and x„ particular from the entrained drill cuttings 
therein) so as to avoid damage to the bearings. The seal is 

20 sleeve^. 1 * ^ """^ " ^ «*«*• « ith *«- 

The pistons 40 each carry a rotary shaft seal 42 (allowing 
relative rotation between the pistons 40 and the pipe 32) a 
reciprocating piston seal 44, and anti-rotation seals 46 and 
48 The pistons 40 are provided to allow for changes in the 
volume of the oil reservoir required to accommodate thermal 
expansion of the oil and also to compensate for the extreme 
pressure of the mud which will be encountered in deep 
boreholes. The bore of the sleeve 34 includes a step 50 
which provides an abutment for the piston 40. The bore of 
the sleeve 34 also includes a recess which carries a circlip 
52 which provides another abutment for the piston 40. The 
Piston 40 can slide within the bore between the step 50 and 
the circlip 52 (in the embodiment shown each piston is 
resting against its respective circlip 52 so that the volume 
ot the reservoir is maximised). 



25 
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In common with conventional stabilisers, the outer diameter 
D of the sleeve 34 is slightly smaller than the diameter of 
the borehole. To allow the passage of mud the sleeve 34 has 
channels 18 to allow the passage of mud therearound. In 
this embodiment, since the sleeve 34 is designed not to 
rotate with the drill string l 6/ the channels 18 are 
longitudinal, but in alternative embodiments they may be 
helical in common with conventional stabilisers. 

in test drilling through concrete, it has been found that 
the steerable drill bit arrangement according to the 
xnvention is able to produce a much smoother and more 
consistent borehole than the prior art steerable systems, 
including the prior art "push the bit" systems. 

To avoid the stabiliser fouling the borehole, and perhaps 
becoming captured by a ledge or other discontinuity 
thereupon, the stabiliser can incorporate a clutch mechanism 
allowing the sleeve 34 to be driven to rotate by the pipe 
32, it being recognised that it should be possible to 
release a captured stabiliser by rotating the sleeve 34. it 
is intended that the clutch mechanism would only engage 
under conditions of high axial load, i.e. to enable rotation 
to aid release of a stuck stabiliser. 

The clutch mechanism should allow the pipe section to drive 
the sleeve gradually, i.e. slowly increasing the rate of 
rotation of the sleeve, rather than acting as a "dog clutch" 
or the like in which the sleeve is substantially immediately 
caused to rotate with the pipe. A suitable clutch mechanism 
could incorporate two annular members with corresponding 
tapered drive surfaces. One member can be brought slowly 
into contact with the other by way of relative longitudinal 
movement, the tapering drive surfaces steadily increasing 
their relative engagement so that the sleeve is gradually 
urged to increase its rate of rotation to match that of the 
pipe. 
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The operation of the steerable drill bit according to the 
invention can be represented by a simple geometrical model. 
Using Fig.i, the force applied by the steering component 12 
acts at plane B, the fulcrum is provided around the 
5 approximate centre-line of the stabiliser 14 at plane F, and 
the resultant force on the drill bit 20 acts at plane A. 
The distance between planes A and F is X/ and the distance 
between planes B and F is y. 

10 The mechanical advantage of such an arrangement is given by 

M = y/x , 

so that the force applied to the drill bit is y/x times the 
force applied by the steering component. 

Also, the ratio of the resultant deflection at the drill bit 
^ aPPli6d defleCt±0n at the Steerin * component 
AA/AB = x/y / 
so that the greater the (steering) force which can be 
applxed at the drill bit the smaller will be the resulting 
deflection. * 

Tests have shown that for a 6 inch (15.24 cm) diameter hole, 
the preferred mechanical advantage M is between 1 and 2 

25 i.e. the ratio of the distances y/x is between 1 and 2 ' 
Such a mechanical advantage (and the resultant ratio of the 
deflections) is believed to optimise the steering 
performance of the drill bit arrangement whilst maintaining 
a smooth borehole. The same range of mechanical advantage 

30 is expected to be the optimum for most borehole diameters, 
though a larger borehole may be able to utilise an 
arrangement having a larger mechanical advantage 



20 
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CLAIMS 
1. 



A steerable drill bit arrangement in which the drill 
bit is connected to a drill string including a steering 
component and a stabiliser, the stabiliser being 
located between the steering component and the drill 
bit, the steering component having means to move the 
drill string transversely relative to a borehole in 
which it is located, in which the stabiliser has an 
inner part adapted to rotate with the drill string and 
an outer part adapted to engage the borehole wall, the 
outer part being rotatable relative to the inner part 
so that the outer part can remain substantially 
stationary as the remainder of the stabiliser rotates 
with the drill string. 

2. An arrangement according to Claim 1 i n which the 
stabiliser includes a clutch mechanism connected to the 
inner part and the outer part. 

3. An arrangement according to Claim 2 in which the clutch 
mechanism can vary the resistance to rotation of the 
outer part relative to the inner part between a minimum 
resistance whereupon the outer part can rotate 
substantially freely relative to the inner part, and a 
maximum resistance in which the outer part is caused to 
rotate with the inner part. 

4. An arrangement according to Claim 3 in which the 
variation in resistance between the minimum resistance 
and the maximum resistance is substantially continuous. 

5. An arrangement according to Claim 2 in which the clutch 
mechanism comprises two annular members with 
corresponding tapered drive surfaces, and means to move 
the drive surfaces into and out of engagement. 
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An arrangement according to Claim 1 in which the inner 
part and the outer part are connected together by 
bearings, the stabiliser including a reservoir of oil 
surrounding the bearings. 

An arrangement according to Claim 6 in which the 
reservoir of oil is bordered by at least one movable 
pxston which can act to vary the volume of the 
reservoir in response to changes in pressure and 
temperature within the oil. 

An arrangement according to Claim £ in which the piston 
is mounted to the outer part so as to be rotatable 
relative to the inner part. 

An arrangement according to Claim 8 having a first 
sealing means and a second sealing means, the first 
sealing means engaging the piston and the inner part 
and allowing relative rotation therebetween, the second 
sealing means engaging the piston and the outer part 
and limiting relative rotation therebetween. 

An arrangement according to Claim 9 having a third 
sealing means engaging the piston and the outer part 
and providing further sealing between the piston and 
the outer part during reciprocal sliding movement of 
the piston. 



11 



12. 



13. 



An arrangement according to Claim 7 in which the piston 
is annular and surrounds a part of the inner part of 
the stabiliser. 

An arrangement according to Claim 7 in which there, are 
two pistons, one at either end of the stabiliser. 

An arrangement according to Claim 1 in which the 
stabiliser acts as a fulcrum about which the end of the 
drill string can pivot, the drill string pivoting about 
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a fulcrum point determined by the stabiliser, in which 
the steering force is provided by the steering 
component and acts at a steering point determined by 
the steering component, in which the steering force 
acts upon the drill bit at a steered point determined 
by the drill bit, and in which the ratio of the 
distance between the fulcrum point and the steering 
point and the distance between the fulcrum point and 
the steered point is between 1 and 2. 

A stabiliser for use in an arrangement according to any 
one of claims 1-13. 



BEST AVAILABLE COPY 




BEST AVAILABLE COPY 



IIMTEl 



IONAL SEARCH REPORT 



ml Application No 

TIB 03/05025 



A. CLASSIFICATION OF SUBJECT MATTER , 

IPC 7 E21B17/10 E21B7/06 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 E21B 



Documentation searched other than minimum documentation to the extent that such documents are Included In the fields searched 



Electronic data base consulted during the International search (name of data base and, where practical, search terms used) 

EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 4 



Citation of document, with indication, where appropriate, of the relevant 



Relevant to claim No. 



A 



US 5 603 386 A (WEBSTER DAVID W) 
18 February 1997 (1997-02-18) 
column 2, line 44 - line 65 

US 4 989 679 A (AMAUDRIC DU CHAFFAUT 
BEN0IT) 5 February 1991 (1991-02-05) 
column 1, line 11 - line 23 
column 4, line 1 - line 11 
column 6, line 52 -column 7, line 3 

EP 0 209 318 A (CAMBRIDGE RADIATION TECH) 
21 January 1987 (1987-01-21) 
page 6, line 6 - line 20 

US 2002/170750 Al (SELLAMI HEDI ET AL) 
21 November 2002 (2002-11-21) 
paragraph '0048! 

paragraph '0055! - paragraph '0057! 



1-13 

1-13 
14 

1-14 
1-14 



~ J Further documents are listed in the continuation of box C. 



Patent family members are listed In annex. 



Special categories of cited documents : 

■A 1 document defining the general state of the art which Is not 
considered to be of particular relevance 

E" earlier document but published on or after the international 
filing date 

L" document which may throw doubts on priority claimfs) or 
which Is cited to establish the publication date of another 
citation or other special reason (as specified) 

O" document referring to an oral disclosure, use, exhibition or 
other means 

P' document published prior to the international filing date but 
later than the priority date claimed 



Date of the actual completion of the international search 



18 February 2004 



T later document published after the international filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying: the 
invention ' * 

'X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document Is taken alone 

"V document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art. 

*&' document member of the same patent family 



Date of mailing of the International search report 

26/02/2004 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280HVRQswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Garrtdo Garcia, M 



Form PCT/JSA/210 (second eheet) (July 1892) 



BEST AVAILABLE COPY 



INTEI 



IONAL SEARCH REPORT 



3l Application No 

lb 03/05025 



Patent document 




Publication 




Patent family 


Publication 


cited in search rpnnrt- 




dste 




member(s) 


date 


US 5603386 


A 


18-02-1997 


AU 


673996 B2 










AU 


3642293 A 


05-10-1QQ^ 








BR 


9306019 A 


18-11-1QQ7 








CA 


2131456 Al 

*— x w a ■ w v n x 


16-09-19Q3 

XV/ VJ .7 








DE 


69314327 Dl 


06-1 1-1997 








DE 


69314327 T2 


29-01-1998 








EP 


0628127 Al 


14-12-1994 








NO 


943265 A 








- 


DK 


628127 T3 


?7— 1 0-1 QQ7 

xU X727/ 








WO 


9318273 Al 


16-00-199^ 


US 4989679 


A 


05-02-1991 


FR 


2625253 Al 


30-06-1989 








DE 


3869373 Dl 


P3-04-199? 








EP 


0323772 Al 


1 P-07-1QftQ 








NO 


885690 A 


P6— Ofi-IQftQ 

£.U UU 1707 


EP 0209318 


A 


21-01-1987 


GB 


2177738 A 


28-01-1987 








DE 


3675279 Dl 


06-12-1990 








EP 


0209318 A2 


C± ux x?o/ 








GB 


2172324 A B 

mm X / *~ O t_ ~ n j LI 


1 7-09-1 98fi 








GB 


2172325 A B 


1 7-09-1 9ftfi 

X / W37 X J70U 


US 2002170750 


Al 


21-11-2002 


FR 


2812338 Al 


01-02-2002 








CA 


2384281 Al 


31-01-2002 








W0 


0208563 Al 


31-01-2002 








GB 


2373523 A 


25-09-2002 








NO 


20021456 A 


27-05-2002 



Form PCT/iSA/210 (patent family annex) (July 1992) 



